sumARY A new method was used to study the effect of a single dose of propranolol on the QT intervals during exercise in 11 normal volunteers. They exercised maximally on a bicycle ergometer and repeated the test after taking propranolol (40 mg) by mouth two hours before. Electrocardiograms were continuously recorded on magnetic tape and the cardiac cycle length (RR interval) and the QT interval were measured every five seconds by a computer aided method. The RR-QT data from each test during the exercise phase were analysed by an exponential formula, QT = A -B x exp (-k x RR) and by Bazett's formula, QT = K x (RR). Three reference QT intervals, QTcI, QT,2, and QTc3, estimnated at RR = 400, 700, and 1000 ms respectively from the regression curves of both formulas were compared. The exponential formula, which consistently gave a better fit with the data, showed that propranolol had a biphasic action on the QT intervals during exercise. It significantly prolonged the mean (SD) interval at longer cycle lengths (from 287 (27) 
regression curves of both formulas were compared. The exponential formula, which consistently gave a better fit with the data, showed that propranolol had a biphasic action on the QT intervals during exercise. It significantly prolonged the mean (SD) interval at longer cycle lengths (from 287 (27) to 305 (18) ms at RR = 1000 ms and shortened it at shorter cycle lengths (from 198 (14) to 179 (16) ms at RR = 400 ms). In contrast, Bazett's formula did not show any significant effect when the same raw data were used.
The exponential formula can be adapted to study other interventions or conditions that affect QT intervals.
The results of previous studies of the effect of propranolol on the QT interval are contradictory. Milne et al showed that intravenous propranolol prolonged the QT interval at identical atrial paced cycle lengths,' whereas Browne et al found no significant changes under similar conditions2; however, the use of Bazett's formula34 shortened the rate corrected QT interval calculated from both studies. Other studies of propranolol also suggested that the QT interval corrected for heart rate by Bazett' s formula was usually shortened. 5' We found that the functional dependence of the human QT interval on the cardiac cycle length (RR interval) during exercise and cardiac pacing was well expressed by an exponential formula. interface. The QT interval was measured from the binning of the QRS complex to the apex of the T wave. In eight people in whom the end ofthe T wave could be clearly identified throughout the exercise the average interval from apex T to end T (eT-aT interval) was measured at rest and peak exercise. The end ofthe T wave was taken as the point at which the line drawn through the steepest portion of the terminal limb of the T wave cut the isoelectric line defined by the PQ segment.8
The RR-QT data during the exercise phase were fitted to the exponential formula7: QT = A -B
x exp (-k x RR), where the parameters A, B, and k were estimated by non-linear regression with the ASYST scientific system (Macmillan Software, New York, NY). For comparison, the exercise RR-QT plots were also fitted to Bazett's formula3: 
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The corrected QT intervals at RR = 400, 700, and 1000 ms according to Bazett's formula were estimated by the following equations:
where the QTc intervals are also expressed in ms.
QT,d corresponds to the conventional corrected QT interval. Zipes recently suggested that when the effects of drugs or other interventions are being evaluated the original Bazett's formula, QT = K x V(RR), where the K value is derived from a regression analysis, is superior to the commonly applied formula, QTc = QT/I(RR).9 The relation between the two formulas is explained in the Appendix.
We compared matched sets of control and
propranolol treatment values of QT¢,, QT,2, and
QTd3 by the one sample Hotelling T2 test for overall differences and differences among individual pairs of QT,s by a paired t test. We used the same method to analyse the corrected QT intervals obtained by Bazett's formula. BMDP Statistical Software (Los Angeles, CA) was used for the statistical analysis.
Results Table 1 summarises the main results. Cardiac cycle lengths at rest and peak exercise were signifcantly prolonged after propranolol. Systolic blood pressure at rest and peak exercise was significantly reduced. There were no pronounced changes in diastolic blood pressures. As expected, none of the subjects showed any abnormalities during exercise or recovery. The QRS configuration was unchanged during exercise and between tests. The QRS duration remained less than 5 ms throughout the study.
The average duration of exercise was not signifi- The measurement ofQT interval to the apex ofthe T wave rather than to its end is justified in the present study because the changes in the T wave configuration during exercise did not contribute to the differences between the control and propranolol treated conditions. Under these conditions it is better to use the Q-apexT interval which can be measured more accurately. '5 Propranolol is used in the treatment of long QT syndrome"6 and iS known to increase the otherwise low variability of the QT interval during exercise in those patients.'7 It is interesting to note that propranolol also increases the responsiveness ofQT intervals in normal subjects through the biphasic effect. Though Bazett's formula is simpler to use, it is inappropriate for the study of QT intervals during exercise. Mathematically, two regression curves constructed by Bazett's formula cannot cross each other, except at the origin, irrespective of the nature of the data sets. Thus it is theoretically impossible to demonstrate the rate dependent biphasic effect of propranolol on the exercise QT interval by Bazett's formula (fig 3) . 
IMPLICATIONS
The present study offers a general method for studying the effects of various interventions on the dynamic behaviour of the QT interval. where RR.4 = 400, 700, and 1000 ms for i = 1, 2, and 3 respectively. This particular set of RR. values is suitable for comparing exercise RR-QT curves. The curves can be reconstructed from the above set ofQT, parameters by use ofthe well known NewtonRaphson recursion algorithm8 to solve for A, B, and k. Thus QT, and the model parameters (A, B, k) contain the same information on the RR-QT curves. The former set is preferred, however, because the changes in QTc, are easier to interpret in physiological terms. In order to use multiparameter formulas, there must be some way to change the RR interval over an appropriate range to obtain reliable estimates of the model parameters. With narrow RR interval ranges, the influence of measurement and rounding 439 errors may render the parameter estimates unreliable. Cardiac pacing and exercise provide nonpharmacological means of producing a sufficiendy wide range of RR intervals under fairly controlled conditions. Autonomic tests such as the Valsalva manoeuvre and cold pressor treatment may also be applied, but the RR changes tend to be relatively narrow and therefore higher precision in the RR and QT measurements may be required.
